In this paper, the different parameter estimation methods such as maximum likelihood method, least square method, weighted least square method, moments method, the method based on quantiles and maximum spacing method for the Weibull distribution which are widely accepted in wind power studies are presented and discussed. The effect of the selecting parameter estimation method on the estimation of wind power is also discussed. Then the wind power estimation results that would be obtained by using the parameters estimated with each method are evaluated. The analysis is performed to show the effects of overestimating or underestimating wind power values caused by an erroneous estimation of the probability density function parameters.
INTRODUCTION
The probability distributions of wind speed are an important part of information needed in evaluation of wind power potential. In wind studies, Weibull is accepted to model wind speed. The parameters of the Weibull distribution that are used for finding the estimation of average speed, standard deviation, energy and power density can be found by different parameter estimation methods. It is well known that to achieve more accurate wind power estimation, one must use more appropriate estimation method for Weibull. Since estimation of wind power and energy is widely made of the Weibull distribution, its parameters need to be evaluated precisely, accurately and efficiently. In this regard, over the last decade, a number of studies have been carried out by various researchers in order to assess wind power around the world by using the Weibull distribution as reported in detail (Patel, 1999) . The probability distribution of wind speed is a very important piece of information needed in assessment of wind energy potential. There are several density functions that can be used to describe the wind speed data. Weibull distribution is the best one to describe the variation in wind speed. When shape parameter is 2, the Weibull distribution is called the Rayleigh distribution which has a bias with small wind speed (Patel, 1999) . The parameters of the Weibull distribution that are used for finding the estimation of average speed, standard deviation, energy and power density are found by using different parameter estimation method. In order to find the best method for Weibull, most researchers discussed a lot of estimation methods. As the Weibull distribution is important for the assessment of the wind energy potential and wind characteristics. For this reason, its parameters are to be find properly. If its parameters are obtained well, it can be said that the Weibull distribution not only agree better with wind speed data, but also represent the wind power potential much more accurately (Kurban and Hocaoglu, 2010) .
In this study, six estimation methods, maximum likelihood, least square, weighted least square, moments method, the method based on quantiles, maximum spacing are used to determine the Weibull parameters and the performance of these methods is investigated in modeling wind data and estimating wind power density for the Iki Eylül Campus of Anadolu University, Eskisehir, Turkey which is situated at the meeting point of three continents (Asia, Europe and Africa) and stands as a bridge between Asia and Europe. In this regard, a wind observation station was established at the campus and it is examining the possible electrical power that can be generated by the wind using the best parameter estimation method. The data have been collected in this observation station between the dates of July 1, 2005 and December 31, 2005. Two different tests are employed to determine the accuracy of the six methods in given this article. In the firs test, each method are compared in terms of statistical criteria. In the second, the "reference wind power" is calculated using time series data. This value is compared to the wind power corresponding to the Weibull distribution which is obtained from different methods. Deciding which methods can be used for the Weibull in specified region is important for the engineers (Kurban et al., 2008; Hocaoğlu and Kurban, 2006; Mert et al., 2006) .
MATERIALS AND METHODS
Statistical estimation of unknown parameters from random sample is an important problem that can be solved by many establish methods such as the least square method (LSM), the weighted least square (WLSM), the maximum likelihood (MLM), the method of moments (MM), the method based on quartiles (QM) and a lot of modifications of these methods (Genç et al., 2005) . The 2-parameter of Weibull probability density function (PDF) is given by: conditions (Akpinar and Akpinar, 2004; Kurban et al., 2008) . The cumulative distribution of the Weibull distribution is given as follows:
Typical shapes of the density functions of the Weibull PDF are shown in Figure 1 . We can find a variety of shape patterns of the density functions which suggests the appropriateness of fit to actual data cases as can be seen in Figure 1 . So this family of curves is widely used in statistical analysis. The mean wind speed value and its standard deviation are computed using two Weibull parameters:
Maximum likelihood (MLM), least square (LSM), weighted least square (WLSM), moments method (MM), the method based on quantiles (QM), maximum spacing method (MSM) are discussed in the next. It is noted that the data is to be order statistics in LSM, WLSM, QM and MSM.
Maximum likelihood methods
The MLM method is probably the most applied method in literature (Cacciari, 1996; Cacciari et al., 1996) 
Taking the natural logarithm of likelihood function, we obtain:
Any value c and k maximizing Equation 7 is called maximum 
Least square methods
The least square method and weighted least square method were originally proposed by (Swain et al., 1988) to estimate the parameters of beta distribution. The method can be described as
denote the order statistics of the observed sample. It is well known that:
The least square estimators of the unknown parameters can be obtained by minimizing: 
Weighted least square methods
The weighted least square estimators of the unknown parameters can be obtained by minimizing Equation 10 with respect to k and c:
The least square estimators ( 
Method of moments
Estimators of the moment method are obtained by equating the moments of distribution to corresponding sample moments. The moment estimator ( ME ME c k   , ) can easily be calculated by the following equation:
Where, m v and  values are computed from wind speed data (Cran, 1988) .
Method based on quantiles
Among the most easily obtained estimators of parameters of the Weibull distribution are the graphical approximation to the best linear unbiased estimators. It can be obtained by fitting a straight line to the theoretical points obtained from the distribution function and the sample percentile points. This method originally proposed by Kao (1958 Kao ( , 1959 and it has been used for a lot of distribution. If 
Maximum spacing methods
In Cheng and Amin (1983) and independently in Rannebay (1984) , maximum spacing method (MSM) related to maximum likelihood method (MLM) was introduced. As different from MLM, MSM uses spacing which work via the cumulative distribution function.
is random sample of size n from a distribution, 
RESULTS AND DISCUSSION
Here, firstly we mention the properties and advantages of six estimation methods. Then, these methods are compared for the Weibull distribution on wind speed data by using different statistical criteria. From a statistical point of view, Table 1 summarizes the some properties of Kantar et al. 6597 the mentioned methods (Berger, 1980) . The six estimation methods are applied to find the scale and shape parameters and the parameters are listed on Table  2 . Root mean square error (RMSE), correlation coefficient (R) will be used in statistically evaluating the performance of mentioned methods in estimating parameters of the Weibull distribution. Therefore, the best parameter estimation can be selected according to the lowest value of RMSE and the highest value of R Figures 2 and 3 , LSM almost performs well, then the other methods from July to November. Especially, LSM method gave the best estimate of the wind speed distribution in terms of RMSE and R for December. For October, MSM shows better performance than the other methods. Since the electric power industry need highly capital, the effective utilization of wind energy entails a detailed knowledge of the wind characteristics at the particular location. The distribution of wind speeds is important for the design of wind farms, power generators and agricultural applications like irrigation. It is not an easy task to choose a site for a wind turbine because many factors have to be taken into account. The most important factors are wind speed, the energy of the wind, the generator type and the feasibility study. Wind power provides a clean energy resource. The usage of wind energy to produce electricity and the possibility of electrical energy production from wind energy in the region of Eskisehir for application purposes has been studied with six different methods. For this reason, the wind observation station was founded at the Iki Eylül Campus of Anadolu University which is situated at windward and high altitudes of Eskisehir and data were collected for 6 months. Here, firstly, the performance of the methods is evaluated in calculating the wind power. In order to make this, the "reference wind power" is calculated using time series data. This value is compared to the wind power corresponding to the Weibull distribution which is obtained from different methods.
The wind power in a special site can be estimated in different ways. The wind power density is a good indicator in evaluating wind farm. The most popular wind Involve optimization, need to be calculated by some iterative processes.
Involve optimization, need to be calculated by some iterative processes.
Data may not to be ordered. Are obtained by equating the moments of distribution to corresponding sample moments. Data are to be ordered.
Data may not to be ordered.
Depends on CDF. Depends on CDF. LSME can not be expressed as analytically. QME can not be expressed as analytically. MSE can not be expressed as analytically.
Data are to be ordered The sample percentile points. Data are to be ordered.
Data are to be ordered. power density formula is given by Akpinar and Akpinar (2005) and Kurban and Hocaoğlu (2010) :
Where  is the mean air density (taken as equal to 1.1309 kg/m 3 which depends on altitude, air pressure and temperature), A is the swept area. The wind power density using the Weibull PDF is found to be (Akpinar and Akpinar, 2005; Kurban and Hocaoğlu, 2010) The errors in calculating the power using the Weibull models can be given by the following formula:
Then, the effect of the selecting parameter estimation method on the estimation of wind power is discussed. On this purpose, the wind power results that would be obtained when using the parameters estimated with each method are calculated. In order to compare the mentioned methods in terms of estimation error for wind power, wind power error values are calculated by Formula 24. It is expected that the parameters with the lowest error should give the wind power value with the lowest error (Weisser, 2003; Al-Nassar et al., 2005; Cheng and Amin, 1983) . The lowest estimation error value for wind power occurs in September for almost every method. According to estimation error for wind power, LSM shows the worst performance than the other methods for the July, August and December. From this, the R and RMSE value does not agree with estimation and RMSE or R are shown. From this point, it is the wind power that is sensitive to many parameters such as shape parameter, the number of wind speed class interval as it is mentioned (Montanari et al., 1995 and 1997) .
Conclusion
The following main conclusions can be taken out from the present study:
1) The maximum likelihood method, the least square method, weighted least square method, moment method, the method based on quantiles and maximum spacing method for estimating the Weibull PDF parameters were given and these methods were compared with each other.
2) Two different tests were employed to determine the accuracy of the methods used. In the first test, the methods are compared in terms of statistical criteria. In the second test, these methods are evaluated according to estimation error for wind power.
3) It is seen that selected best parameter method in terms of RMSE and R may not show best performance in terms of Er. 4) The wind power estimates results that would be obtained when using the parameters estimated with each method are evaluated. 5) Moreover, it was shown that the all methods may give rise to very significant error in calculating wind power. In addition to this, the estimation errors for wind power may take very high value, although the RMSEs of the parameters take the lowest value. From this point, the estimate of wind power is very sensitive to shape parameter and the other factors.
6) It can be thought that the present study will give useful insights to engineers in deciding which methods can be used for the Weibull in specified region.
